A program for botanical conservation measures has been establishing in Saint Katherine Protectorate (SKP) between the periods of 1998 to 2003. This program included establishing of 48 permanent enclosures of various areas to protect, manage, and monitor the endemic and threatened plant species in this protectorate. The present study is aim to evaluating the effectiveness of the enclosures (in-situ conservation) as a conservation tool after ten years of protection (2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014) on five endemic species (Primula boveana, Rosa arabica, Phlomis aurea, Bufonia multiceps, and Anarrhinum pubescens) in Saint Katharine Protectorate. For each species, density of target species individuals were measured to the nearest cm. Cover, and Size Index were also measures. In general, the protection of target species against grazing and other human activities in Saint Katharine Protectorate led to improving the vegetation in terms of its total density, total cover and species richness when comparing inside enclosures by outside . But when compared to the situation after 10 years of protection the response is different. It was observed that only Bufonia multiceps and Primula boveana showed positive response to 10 years of protection. This may be explaining firstly on species level, B.multiceps is one of the most plants that graze within SKP. It was observed that only Bufonia multiceps and Primula boveana showed positive response to 10 years of protection. The other three species had declined as a response to 10 years of protection. It is suggested that this improvement or deterioration in the vegetation parameters may be the ability of species to adapt to the surround environment. It may also due to difference in topography, soil properties, area size, and climatic variables, particularly the annual rainfall. In the regions characterized by topographic and physiographic heterogeneity, like the mountainous region in Saint Katharine, the variation in microclimate plays the major role in governing the natural vegetation.
Introduction
It is clear that the loss of biodiversity has serious economic and social costs. The genes, species, ecosystems and human knowledge that are being lost represent a living library of options available for adapting to local and global change [1] . Environmental deterioration in arid ecosystems due to unmanaged human activities including harvesting of vegetation for fuel and medicine, overgrazing, urbanization and quarrying is evident in a decrease of plant cover, deterioration of soil productivity, and aggravation of soil erosion [2] . Damage to vegetation and the soil surface and in arid lands is not easily repaired [3] . These activities can impact the sustainable production of food, fiber, and fuel from these lands.
The conservation of ecosystems and natural habitats and the maintenance and recovery of viable populations of species in their natural surroundings and, in the case of domesticated or cultivated species, in the surroundings where they have developed their distinctive properties is the standard definition for in-situ conservation [4] . In-situ conservation is one of two basic conservation strategies, alongside ex-situ conservation. Article 8 of the CBD specifies in-situ conservation as the primary conservation strategy, and states that ex-situ measures should play a supportive role to reach conservation targets. In-situ conservation aims to enable biodiversity to maintain itself within the context of the ecosystem in which it is found In-situ management approaches can either be targeted at populations of selected species (speciescentred) or whole ecosystems (ecosystem-based) [5] .
Both approaches follow the same purpose: To enable biodiversity to maintain itself within the context of the ecosystem in which it has been found, ie. to enable a species population to self-replicate and maintain its potential for continued evolution [6] . This requires conservation of the components of the natural system (populations, species, communities and biophysical systems) as well as the ecological and evolutionary processes occurring within that system. Conservation measures are aimed at the surroundings where a target-species developed its distinctive properties. This could be a natural habitat, or an environment heavily modified by human activity.
Many scientists and conservationists feel that until methods are available to discern easily which of the millions of species and varieties will have economic value, in-situ conservation through the protection of natural areas should be the primary means for the maintenance of these resources. However, a rigid preservation approach is virtually impossible to implement and even less likely to be maintained over time. Considering trends in population growth and the urgency of economic development--especially in the developing countries--a more appropriate response would be to pursue proactive alternatives to high-impact development activities, and to implement carefully formulated strategies for in-situ methods that would include protected areas in the development mix [7] . In-situ Conservation is usually the preferred conservation strategy for capturing and conserving Medicinal Plant pockets in their natural habitats. Stress is laid on identification of Medicinal Plant areas having rich biodiversity of genetic resources that have priority, usually at the species level on the basis of present or potential socio-economic value of the species and their conservation status in the ecosystem along with group of its associate species [8] .
The area-specific action plan and networking of natural sites has to be considered the most important aspects of in-situ conservation activities. The ecological requirement of many of the species is complex. Hence moving them out of their own area of comfort to new area may sometime prove counterproductive. Hence, by improving the protection, removing all kind of threats is one of the important steps towards in-situ conservation. Conservation units are not kept too small because this will cause continuous loss of genetic diversity by the effects of genetic drift and increased inbreeding. Considering this, the area has to be large enough for maintaining the genetic integrity of the original population and for generating enough seed production [8] .
Traditionally, protected areas have been seen as the cornerstone of in-situ conservation. Conservation approaches that are more adaptable to individual situations and applicable beyond protected areas, are being increasingly applied [5] . Protected areas are the cornerstone of in-situ conservation, as is outlined in Article 8 of the CBD. A protected area network may contribute to conservation targets through the maintenance of target species and their habitats, as well as the conservation of natural or semi-natural ecosystems. There is a however growing awareness of the importance of extending in-situ conservation beyond protected areas [9, 10] . The socioeconomic and political context around a threatened habitat may prevent the establishment or success of a protected area, and the development of alternative in-situ conservation management approaches may prove more useful in these situations [11] .
The Saint Katherine Protectorate (SKP) is one of Egypt's largest protected areas and includes the country's highest mountains. The Saint Katherine region is situated in the southern part of Sinai and is a part of the upper Sinai massif. It is located between 33˚ 55' to 34˚ 30' East and 28° 30' to 28° 35' North [12] . This arid, mountainous ecosystem supports a surprising biodiversity and a high proportion of plant endemics and rare plants. The flora of the mountains differs from the other areas, due to its unique geology, morphology and climatic aspects. The soil is formed mainly from mountains weathering, thus it is mainly granitic in origin. The soil layer is generally shallow were the bed rock is close to the surface. Annual rainfall is less than 50 mm. However, rainfall is not of annual character, rather 2 to 3 consecutive years without rainfall is common. Rain takes the form of sporadic flash floods or limited local showers, thus highly spatial heterogeneity in received moisture is also common. Drought, feral donkeys, over collecting, overgrazing, tourist intrusions, urbanization & settlements expansion, unmanaged scientific research, and quarries had been reported as the main threats on vegetation in SKP [13, 14] .
A program for botanical conservation measures has been establishing in SKP between the periods of 1998 to 2003. This program included establishing of 48 permanent enclosures of various areas ranging between 7 m 2 (Wadi El-Arbain enclosure 1) and 300 m 2 (Wadi Zaghra) to protect, manage, and monitor the endemic and threatened plant species in this protectorate so that the natural evolutionary processes can be maintained, thus allowing new variation to be generated in the gene pool that will allow the species to adapt to changing environmental conditions such as global warming, changed rainfall patterns or habitat loss. The plots of enclosures were chosen to represent, as much as possible, the prevailing environmental variations associated with the distribution of the target species. These enclosures were protected against animal grazing and other human activities through fencing [15] . According [15] , the selection of these fenced plots was based on the abundance of the threatened target populations. The size and site selection of a given plot depended also on its accessibility, the presence of natural features that support the protection process (i.e. fencing), and having a reasonable degree of physiognomic homogeneity in topography and vegetation type.
This study has been carried out within the framework of "Primula boveana conservation Project (Assessment of the current conservation status of Primula boveana in St Katherine Protectorate, South Sinai, Egypt) and funded by " Rufford Foundation''. The present study is aim to South Sinai, Egypt evaluating the effectiveness of the enclosures (in-situ conservation) as a conservation tool after ten years of protection (2004-2014) on five endemic species in Saint Katharine Protectorate.
Materials and Methods

Target Species
The St. Katherine Protectorate is one of the most floristically diverse spots in the Middle East with 30% of Egypt's endemic plant species. In this study, we will discuss the effect of in-situ conservation on the following five endemic species; Primula boveana, Rosa arabica, Phlomis aurea, Bufonia multiceps, and Anarrhinum pubescens. Primula boveana Decne. ex Duby (Primulaceae) is the only species from genus Primula in Egyptian flora, it has been reported as one of the rarest and most endangered plant species worldwide [16] . This species is severely threatened by both natural (aridity of the area) and human factors (scientific research). All these factors are pushing P. boveana to the brink of extinction. This species is restricted to montane wadis fed by melted snow and distributed in moist ground in the vicinity of wells and sheltered mountain areas. Because of climate change, the wild population of this species could be in extreme danger in the near future.
Rosa arabica Crep. (Rosaceae) has been listed as one of the world's most threatened species [17] . This plant grown in very narrow microhabitats; only 9 locations around the high mountain region of SKP with total number of individuals fewer than 100 plants in the wild [18] . This species is severely threatened by both natural (aridity of the area and climate change) and human factors (Over collection, scientific research, and over-grazing). Phlomis aurea Decne. (Lamiaceae) perennial, evergreen shrub with silver-green leaves and yellow flowers in summer. Grown in stony wadis its height ranges from 30 to 150cm. Recorded as endangered species by [19] . This species facing many problems like drought, grazing, and over collecting. Bufonia multiceps Decne. (Caryophyllaceae) perennial herps ranging from 3 to 10 cm hight and from 5 to 12 in width. This species is highly grazed and it's listed as endangered species in [19] .
Anarrhinum pubescens Fresen. is perennial (Scrophulariaceae) has high medical importance because of substances extracted from its leaves and used to treat leg pain in folk medicine. This plant grown in very narrow microhabitats inside SKP; with estimated extent of occurrence about 80 km 2 . This species is severely threatened by both natural (aridity of the area and climate change) and human factors (Over collection, scientific research, and over-grazing). In addition, the species had listed as endangered species in [19] .
Field Methodology
The present study was carried out in the period between March to May, 2014. Target species in given enclosures have been tentatively recorded in the field and put in tabulated form, giving the authentication of their identification with the help of the local floristic works [20] [21] [22] [23] [24] . Enclosure and a comparable area outside it were studied, the target species were recorded and the density, cover and dimensions of their populations were estimated. All the individuals in the recorded enclosures of a size less than 100 m 2 were counted. In the larger enclosures (> 100 m 2 ), 20 randomly distributed quadrates (each of 1 m 2 ) were used in the counting process. For the purpose of comparison, the density were calculated as ind./100 m 2 . Therefore, the initial density estimates of 1998/1999 [15] were converted also into ind./100 m 2 . Equal area outside the enclosure was chosen near the enclosure for floristic comparison.
At each enclosure, a GPS fix was recorded in decimal degrees and datum WGS84 using Garmin 12 XL receiver. The fix was recorded to the fifth decimal digit. Arc View GIS 9.2 was used to plot the study sites.. Density = no. of individuals / area sampled, the average individual height and diameter were then calculated to detect the Cover = area of circle (π*r^2) where r the half average of plant width, and Size Index = (Height+ width) / 2. Saint Katherine Protectorate enclosures reports [25, 26] 
Results
The five target species were recorded in total of 40 enclosures from 48 enclosures that distributed in the area of vegetation hotspots withis SKP. Primula boveana and Rosa arabica were recorded in only five enclosures. Anarrhinum pubescens recorded in six enclosures. Bufonia multiceps recorded in 15 enclosures while Phlomis aurea recorded in 29 enclosures. Density, cover, and size index of all target species showed great variation among enclosures.
Primula boveana populations density varied between enclosures and ranged between 4.6 (enclosure 3 Kahf Elghola) to 850 (enclosure 13 Shagg Musa). There is an obvious improvement of the density of Primula boveana due to protection when comparing 2004 measurements with 2014. Cover ranged from 0.1% (enclosure 40 Gebel Ahmar) to 16% (enclosure 13 Shagg Musa). Size Index ranged from 6.2cm % (enclosure 3 Kahf Elghola).) to 14.2cm (enclosure 13 Shagg Musa). It was observed that the cover and size index of P. boveana in its enclosures had declined when comparing 2004 with 2014. In Shaq Elgragenia specially in enclosures 14 and 16 we record different response to protection; in enclosure 14 the species disappeared and not found any more in this enclosure after it was recorded in 2004, while the reverse was observed in enclosure 16, the species rise and recorded in 2014 and not recorded in 2004. It was found that species reflect a positive response to protection in all aspects (density, cover, and size index) when we compare inside with outside measurements (Table   1 and Figure 1 ). Enclosure 13 (Shaq Musa) recorded as the highest value in density, cover, and size index among P. boveana enclosures. In general, P. boveana respond positively to 10 years of protection beside the positive response to protection when comparing inside by outside (Table 1 and Figure 1 ). Results of Rosa arabica density showed great variation among different recorded enclosures and range from 2.3 (enclosure 3 Kahf Elghola) to 20 (enclosure 6 Wadi El-Arbain). There is no obvious improvement of the density of R. arabica due to protection when comparing 2004 measurements with 2014. Cover varied greatly and ranged from 3.7% (enclosure 9 Shaq Musa) to 80.8% (enclosure 44 Wadi Abu Tuweita). Size Index ranged from 157.5cm (enclosure 3 Kahf Elghola).) to 295cm (enclosure 44 Wadi Abu Tuweita). It was observed that the cover and size index of R. arabica in its enclosures had declined when comparing 2004 with 2014. R. arabica not recorded in enclosure 47 (Wadi Abu Tuweita) during 2014 survey. It was found that species reflect a positive response to protection in all aspects (density, cover, and size index) when we compare inside with outside measurements (Table 2 and Figure 2 ). In general, R. arabica respond negatively to 10 years of protection but it reflect a positive response to protection when comparing inside by outside (Table 2 and Figure 2 ). (Table 3 and Figure 3 ). In general, P. aurea respond negatively to 10 years of protection but it reflect a positive response to protection when comparing inside by outside (Table 3 and Figure 3 ). 
Figure 3. a-P. aurea in wild, b-The rate of change between the estimated variables inside the enclosures in 2004 compared with 2014 & between inside and outside the enclosures in 2014.
Bufonia multiceps density also showed great variation among different recorded enclosures and ranged from 0. (Table 4 and Fig. 4 ). In general, B. multiceps respond positively to 10 years of protection and when comparing inside by outside (Table 4 and Figure 4 ). It seems from this result that Wadi El-Fara'a presenting the highest values of all studied characteristics (density, cover, and size index). (Table 5 and Fig. 5 ). In general, A. pubescens showed great deterioration because of 10 years of protection but response positively when comparing inside by outside (Table 5 and Fig. 5 ). Threats recorded in field within this study was listed and presented in map {average of total threats for each site (grazing, over collecting, tourism, and scientific research)}, see Figure 6 (B). From results Wadi Gebal, W. Abu Tweita, Wadi El Faraa, Shaq Musa were the highest areas for these threats. Figure 6 (A) present the distribution of target species in wild (outside enclosures) as well as enclosures places. P. aurea present the highest distribution range in the wild and between enclosures, while P. boveana located only in five main localities. 
Discussion
Many monitoring programmes intend to determine the response of a plant population to a particular management activity, but in reality few monitoring programmes conclusively identify the cause of the response [27] . As well as monitoring the biological status of a target taxon and its habitat, it is equally important to monitor the status of actual or potential threats, which may be biotic, abiotic or social in nature. This perspective is critical to be able to adjust management interventions to minimize or prevent threat impacts. In this study, we recorded variation in response of some endemic species to in-situ conservation (enclosures); and to understand the mechanism of this process we should have enough data about species population dynamics, and about the surrounding environment.
In general, the protection of target species against grazing and other human activities in Saint Katharine Protectorate led to improving the vegetation in terms of its total density, total cover and species richness when comparing inside enclosures by outside . But when compared to the situation after 10 years of protection the response is different. It was observed that only Bufonia multiceps and Primula boveana showed positive response to 10 years of protection. This may be explaining firstly on species level, B.multiceps is one of the most plants that graze within SKP. This species is the main food for goats and sheep that belongs to local communities settled close to the main areas of this species (Wadi El-Fara'a). This grazing activity don't give the species the chance to recovery fast, while inside enclosures the situation is under control without this activity. Primula boveana is restricted species to montane wadis fed by melted snow and distributed in moist ground near wells and sheltered mountain areas. About 67% of this species populations are found inside enclosures; the highly importance of this species, it's one of the rarest species all over the world and threated by drought, over collecting and unmanaged scientific research. By these threats, this species may be extinct from the wild in the near future and this is the main reason that makes it in the top of our priority for in-situ conservation. It was found that such species need to be more protected for long time to regenerate safely (B.multiceps be away from grazing and for P. boveana to be ready when suitable conditions become available). The other three species had declined as a response to 10 years of protection. Species like P. aurea is endemic to SKP but with wide range of distribution within the protectorate. This species have a good ability to adapt to the surrounding ecology that may be explain the deterioration of this species with time; some species showed a positive response to some threats like grazing and collecting that may induce species to grow faster instead of being in dormancy for long time. Most of the previous related studies in the Egyptian deserts and in other arid land in the world indicate that the full protection for a long period is not of advantage to the natural vegetation, but moderate human and animal interference is [28] .
The variation in vegetation parameters between species and between enclosures may explain in Table 6 and Fig. 6 . The areas at the protected sites in the present study (i.e. enclosures) that vary between 7 m 2 to 246 m 2 is too small to support viable populations for a long period and case the variation in response between these deferent sizes [25] . Its recommended that conservation units are not kept too small because this will cause continuous loss of genetic diversity by the effects of genetic drift and increased inbreeding. Considering this, the area has to be large enough for maintaining the genetic integrity of the original population and for generating enough seed production [8] . Table 6 presents the variation between enclosures in soil properties; this variation can influence the intensities and abundances of species found in a particular habitat and this agrees with results obtained by [29] [30] [31] . Since human activities have a strong effect on biodiversity, a population/community level approach is considered to be the level that can help in exploring the responses of the whole ecological system to various kinds of disturbance.
The Saint Katherine area is an arid to extremely arid region, is characterized by an ecological uniqueness due to its diversity in landforms a variety of landform types: terraces, gorges, slopes, ridges, wadis and plains. It was observed from this study that enclosures distributed in all landform (Table 6 ). These landform type and other elements such as elevation, soil physical characteristics (including soil texture and nature of surface), slope, aspect and topography all play an important role in determining the distribution of plant communities as agreed with [32, 33] .
Results shown in Table 6 describe that enclosures distributed in different elevation, aspect and slope degrees. Its well-known that topography is the principal controlling factor in vegetation growth and that the type of soils and the amount of rainfalls play secondary roles at the scale of hill slopes. Elevation, aspect, and slope are the three main topographic factors that control the distribution and patterns of vegetation in mountain areas. Among these three factors, elevation is most. Elevation along with aspect and slope in many respects determines the microclimate and thus large-scale spatial distribution and patterns of vegetation and all these recorded by [34, 35 and 31) . Through its effects on net solar radiation and microclimate, aspect can have an important influence on plant community structure [36] . Aspect also shows great influence on plant cover [37] .
Ecologists concerned with the size of geographic range of species pointed out that, in certain cases, the range decreases with decreasing elevation [38] . Soil moisture availability, which is a function of altitude variation, slope degree, nature of soil surface and soil texture, is the most limiting factor in the distribution of plant communities in South Sinai that agrees with [39, 40] . There is no doubt that this improvement or deterioration in the vegetation parameters may be also due to difference in climatic variables, particularly the annual rainfall. In the regions characterized by topographic and physiographic heterogeneity, like the mountainous region in Saint Katharine, the variation in microclimate plays the major role in governing the natural vegetation [25] . It is observed that when comparing vegetation of enclosures years 1998, 2004, and 2014 we found that maximum value obtained in 2004 only after six years from protection that may be the best period for achieving the goal.
This study and former like [25, 26] summaries its recommendation as fellow: It is important to carry out a yearly monitoring of the vegetation and its individual plant populations inside and around the enclosures during the spring (March / April / June) to detect the reason for this deterioration. We suggest to abandon some enclosures that their target species are dominant elsewhere in the protectorate (i.e. with low conservation priority), such as enclosures 10 (Shaq Musa), 31, 32, 33 (Wadi El-Dair) and 36 Wadi Esbaiea. We recommend also changing the place of enclosures according to its efficiency after 5 to 7 years from constriction to prevent deterioration of species populations from condensing.
Conclusion
In this study, we tried to detect the effect of long-term in-situ conservation (enclosures) on five endemic species grown in Saint Katherine Protectorate in order to measure its efficiency. We found variation in the response of target species to protection. In general, results showed that enclosures are a good way for conservation when these species are affected by highly threats like grazing and over collecting, this result observed when comparing vegetation parameters for target species inside and outside enclosures.
On the other hand, species like Bufonia multiceps and Primula boveana showed positive response to 10 years of protection, while the other three species showed negative response. The variation in response between these species explained as when the environmental conditions changes this may cause changing in species behavior. Environmental variables like topography, climate, and soil properties could affect the distribution patterns and abundance of species. However not all species have the ability to adapt to the surrounding ecology and from this point the changes in response occurs. It was found that deterioration in vegetation parameters comes as a result form 10 years of protection may come from the size of protected area (enclosures) or from climatic variation. In addition some species showed a positive response and growing faster when moderate human and animal interference. We recommend to fellow the species curve in regarding to protection every two years. Enclosures that reflect deterioration as a result for long-term conservation should be managed by open it for a while and keep monitoring to detect the main reason for this decline in the future.
